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1. Introduction

This investigation focuses on the modeling of skin samples from five age groups in the same ethnic population (Macedonian), targeting the abdominal and anterior forearm regions. The skin structure is
represented using five homogeneous tissue layers — stratum corneum (SC), epidermis (E), dermis (D), hypodermis (H), and muscle tissue (M) — and illuminated by an electromagnetic plane wave in the
5G/6G frequency range (1-300 GHz). Detailed analyses were carried out with the Finite Element Method (FEM) using the COMSOL Multiphysics simulation software. Findings deliver accurate data on
power absorption within each skin layer, including the corresponding penetration depths of electromagnetic fields, and shows age-specific absorption variations for the two different body regions.

2. The Stratified Skin Model and Dielectric Properties 3. Age and Body Region-Based Variations in Skin Layer Thickness
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B The real and imaginary part of dielectric function of the SC, E, D, H and M tissue layer:
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. 5 00 10 a0 sm0 500 o1 - 00 150 200 250 300 . The total thickness of the SC for the skin samples is 16 um [3].
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. The mass densities of the SC, E, D, and H layers were sourced from [7], while the mass density of the M layer was
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. The 23-53 age group’s abdomen exhibits the thickest skin (12.94 mm), while the anterior forearm of the 0-1 age
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4. Penetration Depths
B Penetration depths of the electric field within skin samples at 7 distinct frequencies:

Body Age Penetration Depths (mm) Body Age Penetration Depths (mm)
Region Groups Region Groups
1 GHz 6 GHz 24 GHz 71 GHz 110 GHz 200 GHz 300 GHz 1 GHz 6 GHz 24 GHz 71 GHz 110 GHz 200 GHz 300 GHz
0-1 11.15* 9.14 1.25 0.42 0.31 0.23 0.19 E 0-1 7.25* 7.25* 1.26 0.42 0.30 0.24 0.20
©
S 1-12 12.14* 9.44 1.19 0.38 0.29 0.20 0.17 g 1-12 7.84* 7.44 1.20 0.41 0.29 0.23 0.18
IS e
S 13-22 12.89* 9.48 1.21 0.37 0.29 0.20 0.19 5 13-22 9.16* 7.82 1.21 0.39 0.30 0.22 0.18
e} =
< 23-53 12.94* 9.44 1.20 0.38 0.26 0.18 0.17 g 23-53 9.11* 7.80 1.20 0.40 0.30 0.23 0.18
53-73 12.34* 9.44 1.19 0.38 0.28 0.21 0.17 53-73 7.97* 7.44 1.18 0.40 0.28 0.24 0.19

*In this case, the power density does not decay to e~?2 of its initial magnitude, the penetration depth exceeds the layer thickness and therefore the entirety of the skin thickness is recorded.

5. The Absorbed Power in each Skin Layer
B Age-specific and body region-specific variations in power absorption across skin layers:

Abdomen - Stratum Corneum Abdomen — Epidermis Abdomen — Dermis Abdomen — Hypodermis Abdomen — Muscle
0.05 T T 0.7 0.6 T 0.2 0.2
0-1 Age Group 0-1 Age Group 0-1 Age Group
0.6 05 ~—1-12 Age Group —1-12 Age Group ~—1-12 Age Group
0.04 2 —13-22 Age Group —13-22 Age Group ~—13-22 Age Group
05 —23-53 Age Group 0.15 —23-53 Age Group 0.15 —23-53 Age Group
0.4 —53-73 Age Group ‘ —53-73 Age Group —53-73 Age Group
o 008 o 04 & - -
=z Z z 03 — 0.1 ~ 01
& 0.02 & 03 A & &
0-1 Age Group 0.2 0-1 Age Group 0.2
1-12 Age Group ’ ~=1-12 Age Group 0.05 0.05
0.01+ —13-22 Age Group - ~—13-22 Age Group 0.1
—23-53 Age Group 0.1 —23-53 Age Group
—53-73 Age Group —53-73 Age Group
0 - . 0 0 - . 0 0
1 50 100 150 200 250 300 1 50 100 150 200 250 300 1 50 100 150 200 250 300 1 50 100 150 200 250 300 1 50 100 150 200 250 300
J(GHz) f(GHz) f(GHz) f(GHz) f(GHz)
Anterior Forearm — Stratum Corneum Anterior Forearm — Epidermis Anterior Forearm — Dermis Anterior Forearm — Hypodermis Anterior Forearm — Muscle
0.05 T T 0.5 T 0.6 0.1 : : 0.3, T T r :
0-1 Age Group 0-1 Age Group
—1-12 Age Group - 1-12 Age Group
0.04 0.4 0.08 —13-22 Age Group 0.25 1 —13-22 Age Group |
—23-53 Age Group —23-53 Age Group
—53-73 Age Group 0.24 —53-73 Age Group
. 0.03 fl\ 0.3 — . 0.06
ElE =ls =ls SE 2|5
& 0.02 & 02 & T 0.04 &~
0-1 Age Group 0-1 Age Group 0-1 Age Group 0.1
1-12 Age Group ~—1-12 Age Group ~—1-12 Age Group
0.01 —13-22 Age Group 0.1 ~—13-22 Age Group —13-22 Age Group 0.02 0.05 -
—23-53 Age Group —23-53 Age Group —23-53 Age Group
—53-73 Age Group —53-73 Age Group —53-73 Age Group
0 . . 0 . 0 0 0!
1 50 100 150 200 250 300 1 50 100 150 200 250 300 1 50 100 150 200 250 300 1 50 100 150 200 250 300 1 50 100 150 200 250 300
f(GHz) f(GHz) f(GHz) f(GHz) f(GHz)

6. Literature

[11 D. B. Bennett, W. Li, Z. D. Taylor, W. S. Grundfest and E. R. Brown, "Stratified Media Model for Terahertz Reflectometry of the Skin," in IEEE Sensors Journal, vol. 11, no. 5, pp. 1253-1262, May 2011, doi: 10.1109/JSEN.2010.2088387.

[2] K. Sasaki, E. Porter, E. A. Rashed, L. Farrugia, and G. Schmid, “Measurement and image-based estimation of dielectric properties of biological tissues —past, present, and future—,” Physics in Medicine & Biology, vol. 67, no. 14, p. 14TR01, Jul. 2022, doi: https://doi.org/10.1088/1361-6560/ac7b64.
[3] X.Ding, A. I. Hernandez-Serrano, J. J. Young, and E. Pickwell-MacPherson, “Variation of skin hydration profile with biophysical factors and lifestyle revealed by in vivo terahertz sensing,” Biomedical Optics Express, vol. 15, no. 9, pp. 5180-5180, Aug 2024, doi: https://doi.org/10.1364/boe.527731.
[4] L. Kakasheva-Mazhenkovska, L. Milenkova, G. Gjokik, and V. Janevska, “Variations of the histomorphological characteristics of human skin of different body regions in subjects of different age,” Prilozi, vol. 32, no. 2, pp. 119-128, 2011.

[5] P. Storchle, W. Muller, M. Sengeis, S. Lackner, S. Holasek and A. Furhapter-Rieger, "Measurement of mean subcutaneous fat thickness: eight standardised ultrasound sites compared to 216 randomly selected sites", Scientific Reports, vol. 8, no. 1, Nov. 2018 .
[6] M. C. Ziskin, S. I. Alekseev, K. R. Foster, and Q. Balzano, “Tissue models for RF exposure evaluation at frequencies above 6 GHz,” Bioelectromagnetics, vol. 39,no. 3, pp. 173-189, Feb. 2018, doi:https://doi.org/10.1002/bem.22110 .

[71 O. Spathmann et al., "Numerical Computation of Temperature Elevation in Human Skin Due to Electromagnetic Exposure in the THz Frequency Range," in IEEE Transactions on Terahertz Science and Technology, vol. 5, no. 6, pp. 978-989, Nov. 2015, doi: 10.1109/TTHZ.2015.2476962.
[8] “IT’IS Foundation,” itis.swiss. https://itis.swiss/virtual-population/tissue-properties/database/density/.

) . ) ¢ Federal Minist
é‘!ﬁiﬂ;'?ﬁ bnndgl-:ztm:zggiSEclﬁgft{g;eChmk Dieses Projekt wird durch das Bundesministerium fur Bildung und Forschung (BMBF) im Rahmen der Férderbekanntmachung ,6G-Forschungs-Hubs; Plattform fir zukilnftige * of Education
Universitat Duisburg-Essen Kommunikationstechnologien und 6G* unter dem Férderkennzeichen 16KISK038 gefordert. and Research

http://www.ate.uni-due.de



https://doi.org/10.1088/1361-6560/ac7b64
https://doi.org/10.1364/boe.527731
https://itis.swiss/virtual-population/tissue-properties/database/density/

